Aim: Circulating microRNA expression has become a biomarker of cardiovascular disease; however, the association of microRNA expression between circulation and myocardium in hypertrophic cardiomyopathy remains unclear. The present study aimed to find a circulating biomarker correlated not only to myocardial expression, but also to cardiac hypertrophy and fibrosis. Method: Forty-two cases of hypertrophic obstructive cardiomyopathy (HOCM) diagnosed by echocardiography and magnetic resonance were analysed for microRNA expression in plasma and myocardial tissue. Results: The results showed that myocardial miR-221 was significantly increased (z = −2.249, P = 0.024) and significantly correlated with collagen volume fraction (CVF) (r = 0.516, P < 0.001), late gadolinium enhancement (LGE) (r = 0.307, P = 0.048), and peripheral circulation (r = 0.434, P = 0.004). Moreover, circulating miR-221 expression was significantly correlated with CVF (r = 0.454, P = 0.002), LGE (r = 0.630, P = 0.004), maximum interventricular septal thickness (MIVST) of echocardiography (r = 0.318, P = 0.042), and MIVST of magnetic resonance (r = 0.342, P = 0.027). The area under the receiver operating characteristic curve of miR-221 was 0.764. Conclusions: Circulating miR-221 is consistent with that in myocardial tissue, and correlated with myocardial fibrosis and hypertrophy. It can be used as a biomarker for evaluating myocardial hypertrophy and fibrosis in HOCM.
Introduction
Hypertrophic obstructive cardiomyopathy (HOCM) is a common hereditary heart disease, characterised by myocardial hypertrophy, dysplasia and fibrosis. Persistent hypertrophy of cardiomyocytes is a key risk factor for the development of heart failure [1] , and myocardial fibrosis is a powerful driving factor for ventricular remodelling and heart failure [2, 3] . MicroRNAs (miRs) are considered to be involved in many physiological and pathological processes, including cardiomyocyte proliferation [4] , differentiation [5] , apoptosis [6] , fibrosis, and hypertrophy [4, 7] . Circulating miR has recently been found to be a biological marker of various heart diseases (e.g. miR-208a is a biomarker of acute myocardial infarction in humans [8] , miR-19b of heart failure [9] , miR-126 and miR-199 of coronary heart disease [10] , and miR-499 of hypertension [11] ). In addition, circulating miR, such as mir-29a, was also found to be a biological marker of hypertrophy and fibrosis in hypertrophic cardiomyopathy (HCM) [7, 12] . However, miRs in peripheral circulation may come from other involved organs (such as the aortic arch [7] ). None of the above studies was controlled by myocardial tissue. Hence, the present study aimed to find a circulatory miR not only associated with myocardial expression, but also with clinical phenotype of HOCM patients.
Myocardial miRNA analysis
The myocardial tissue was taken out from the liquid nitrogen and powderised. Total RNA was isolated with TRIzol reagent (Life, U.S.A.) according to manufacturer's instructions. Ultramicro nucleic acid protein analyser (Scan-drop100, Germany) was used to determine RNA concentration and purity. Reverse transcription kit (TUREscript 1st-Strand cDNA SYNTHESIS Kit, Aidlab, U.S.A.) was used to perform reverse transcription operation with EASY-CYCLER 96 PCR Instrument (Analytik Jena, Germany). Quantitative real-time polymerase chain reactions (PCR) were completed by QTOWER 2.2 fluorescence quantitative PCR instrument (Analytik Jena, Germany). The reaction conditions are as follows: 95 • C for 10 min followed by 40 cycles of 95 • C for 2 s, 65 • C for 20 s, and 70 • C for 10 s. Then, the melting curve was analysed at 60-95 • C to determine the final product. There were triplicates in each sample, and the difference between them was <0. 25 . Analytik Jena qPCRsoft 3.2 was used for data analysis. The C T value was defined as the number of cycles in which the fluorescence signal passes through the threshold line. Each miR expression was standardised using a stably expressed housekeeper gene U6. The relative expression was calculated using 2 − Ct method. A total of 11 miRs previously associated with the fibrosis of heart, liver or kidney were selected for investigation: miR-9, miR-31, miR-33, miR-93, miR-15, miR-21, miR-19b, miR-221, miR-222, miR-433, and miR-155. All primers in the present study were purchased from Rib Bio Biotech Co., Ltd. (Guangzhou, China). We screened their differential expression in myocardial tissue and selected interested miRs to further explored their correlation with peripheral circulation and hypertrophic phenotype.
Blood collection and plasma separation
The patient's antecubital vein blood (approximately 3-5 ml) was collected before operation, placed in a vessel containing ethylenediaminetetraacetic acid, anticoagulants, immediately placed in a 4 • C refrigerator, then centrifuged for 10 min (4 • C, 1000 g), added with supernatant liquid, and stored in liquid nitrogen. The control group was treated in the same way.
MiRNA detection in plasma
Total RNAs in plasma were extracted using QIAGEN sample and assay technologies kit (QIAGEN, Germany), according to purification of total RNA, including miR from the serum and plasma protocol. During extraction, cel-miR-39 was added as an external parameter, and each miR expression was standardised by quantitative addition of exogenous cel-miR-39. Reverse transcription and PCR reaction were identical with the tissue detection method. Two of the 11 selected miRs, myocardial miR-19b and miR-221, significantly correlated with the degree of cardiac fibrosis. Thus, they were furtherly detected in circulation.
Statistical analysis
Statistical analysis was performed using SPSS version 22.0 (IBM, Armonk, NY). Categorical data were summarised as numbers and proportions (percentage), whereas continuous data were summarised as mean + − standard deviation or median. Kolmogorov-Smirnov test was applied to verify the data that conform to normal distribution. If it is a normal distribution, independent-samples t-test was used; otherwise, Wilcoxon test was used. Chi-squared test was used for discrete variables. Spearman's rank correlation was used to analyse the correlation between two variables. Receiver-operating characteristic (ROC) curve was carried out to calculate the area under curve (AUC) to assess diagnostic value. All P values < 0.05 were considered statistically significant.
Results

Patient demographics
A total of 42 patients with HOCM (29 men and 13 women) were included in the present study. The average age was 46.24 + − 15.48 (range 15-69) years. The proportion of resting and provocating obstruction type was 66.67% (28/42) and 33.33% (14/42), respectively. All patients were treated with surgical operation to relieve obstruction. Patient's clinical features, echocardiography, and CMR parameters are shown in Tables 1 and 2.
miR-19b was decreased and miR-221 was increased in myocardium of patients with HOCM
Compared with the control group, a total of 11 miRs were included, of which five had significant differences in the HOCM group ( Figure 1 ). The expression of miR-19b (P = 0.024) ( Figure 1A ) and miR-155 (P = 0.046) ( Figure 1I ) were significantly decreased, and three miRNA expression levels were found significantly increased, namely, miR-221 (P = 0.024) ( Figure 1B ), miR-222 (P = 0.025) ( Figure 1C ), and miR-433 (P = 0.025) ( Figure 1D ). There was no significant difference in the expression of the remaining seven miRNAs between the two groups (Supplementary Figure S1 online).
Myocardial miR-221 and miR-19b correlated with cardiac fibrosis
The average CVF of the control group and HOCM group was (4.040 + − 1.077) and (25.208 + − 2.189), respectively, showing significant difference (P < 0.001) ( Figure 2 ). Analysis of the correlation between five differentially expressed miRs and the degree of myocardial fibrosis (Figure 3 ): the expression level of miR-221 was significantly and positively correlated with CVF (r = 0.516, P < 0.001) ( Figure 3A ) and late gadolinium enhancement (LGE) (r = 0.307, P = 0.048) ( Figure 3B ). MiR-19b expression was inversely correlated with LGE (r = −0.318, P = 0.040) ( Figure 3C ). There was no significant correlation between the expression of miR-19b and CVF (r = 0.183, P = 0.245) ( Figure 3D ). The remaining miR-222, miR-155, and miR-433 had no significant correlation with LGE and CVF, so they're excluded from the next step. 
Circulating miR-221 significantly correlated with the clinical phenotype of HOCM
Compared with 30 healthy controls, there was a significant difference between miR-221 and miR-19b expression in plasma (Figure 4 ). The circulating expression of miR-221 in HOCM patients was significantly increased (P = 0.044) ( Figure 4A ) and was positively correlated with myocardial expression level (r = 0.434, P = 0.004) ( Figure 4B ). Circulating miR-19b expression was significantly decreased in HOCM patients (P ≤ 0.001) ( Figure 4C ), but had no significant correlation with myocardial expression (r = 0.012, P = 0.942) ( Figure 4D ).
Analysis of the correlation between myocardial remodeling parameters and circulating miRNA expression revealed that ( Figure 5 ): the level of circulating miR-19b expression was significantly and negatively correlated with LGE (r = −0.343, P = 0.026) ( Figure 5A ), but not correlated with the maximum interventricular septal thickness (MIVST) of echocardiography (r = −0.201, P = 0.201) and MIVST of CMR (r = −0.135, P = 0.396). In addition, the circulating miR-19b was only correlated with the left ventricular mass index (LVMI) of CMR (r = 0.214, P = 0.046) (Supplementary Figure S2I ), and there was no significant correlation with LVMI measured by echocardiography (r = 0.130, P = 0.225) (Supplementary Figure S2J ) and left ventricular ejection fraction (LVEF) (r = −0.167, P = 0.291) (Supplementary Figure S2K ); the circulating miR-221 was significantly correlated not only with CVF (r = 0.459, P = 0.002) ( Figure 5B ) and LGE (r = 0.630, P < 0.001) ( Figure 5C ), but also with the MIVST measured by echocardiography (r = 0.318, P = 0.042) ( Figure 5D ) and CMR (r = 0.342, P = 0.027) ( Figure 5E ). Furthermore, circulating miR-221 was significantly correlated with LVMI calculated by echocardiography (r = 0.638, P < 0.001) ( Figure 5F ) and CMR (r = 0.725, P < 0.001) (Supplementary Figure S2G) , and it has a negative correlation with LVEF (r = 0.557, P < 0.001) ( Supplementary Figure S2H; Supplementary Figure S2 
Circulating miR-221 has higher value in predicting myocardial fibrosis in HOCM
ROC curve analysis, the AUC of miR-221 in plasma was higher than that of miR-19b, and they were 0.764 and 0.201, respectively ( Figure 6 ). The optimal cut-off point, sensitivity, and specificity of miR-221 were 13.64, 71.40%, and 66.67%, respectively. Because the AUC value of miR-19b was less than 0.5, there was no diagnostic value. 
Discussion
We had screened the expression level of 11 fibrosis-related miRs in normal myocardium and patients with HOCM and found five miRs with significant differences between two groups. Three of them were significantly increased, namely, miR-221, miR-222, and miR-433. MiR-155 and miR-19b expression were decreased significantly. Further studies showed that miR-221 and miR-19b expressions were correlated with myocardial fibrosis. Moreover, circulating miR-221 expression was not only correlated with myocardial expression level, but also with myocardial hypertrophy parameters, which had a higher AUC than miR-19b, which had higher diagnostic value for myocardial fibrosis in HOCM.
We focused on screening 11 miRNAs, all of which were reported to be involved in regulating other organ hypertrophy and fibrosis. Katti et al. found that cardiac troponin T has a miR-9 binding site, it may be involved in the 
. The difference in CVF between HOCM and control groups
The control group is significantly lower than the HOCM group; HOCM, hypertrophic obstructive cardiomyopathy; CVF, collagen volume fraction.
regulation of troponin level in the heart to regulate myocardial hypertrophy [16] . MiR-155 promotes the transformation of cardiac fibroblasts into myofibroblasts and participates in myocardial fibrosis induced by angiotensin II [17] . MiR-21 plays an important role in fibrosis of the kidney, liver, lung, and other organs [18] [19] [20] . In another study, it was found that miR-21 mediated transforming growth factor (TGF)-β1 by targeting jagged1 and promoted myocardial fibrosis [21] . MiR-15a/b activates the signal of myocardial fibrosis in diabetic cardiomyopathy and accelerates myocardial fibrosis [22] . The difference is that in our study, there is no significant difference in miRNA expression in patients with HOCM, which may be related to the specificity of the disease.
We found that 3 of 11 analysed miRNA levels were significantly increased. It is reported that miR-433 expression is up-regulated in liver and kidney fibrosis [23, 24] . Lichan et al. found that the expression of miR-433 was increased in dilated cardiomyopathy. Further studies show that miR-433 can simultaneously inhibit the expression of AZIN1 and JNK1 and activate TGF-β1 pathway, and ERK and p38 kinase, thereby promoting myocardial fibrosis [3] . We found that miR-433 expression was up-regulated, suggesting that miR-433 may also be involved in myocardial fibrosis in HOCM patients, but the specific mechanism needs further investigation. MiR-221/222 comes from the same family. Studies have found that miR-221/222 expression in liver fibrosis is associated with the level of α-smooth muscle actin mRNA and collagen A1 (I), which are the main proteins of fibrosis [25] . Wenjun et al. further revealed that miR-222 modulates liver fibrosis in a murine model of biliary atresia by activating the Akt pathway [26] . In addition, miR-222 regulates abnormal myocardial remodelling through its target homeodomain-interacting protein kinase-1 and homeobox containing-1 [27] . In our study, miR-221/222 expressions were significantly increased, suggesting that they were involved in myocardial remodelling. This is consistent with the mentioned previous studies. Furthermore, we found that two miRNA expressions correlated with myocardial fibrosis significantly. MiR-19b, a member of miR-17-92 cluster, has been widely involved in cardiomyocyte proliferation [28] and myocardial fibrosis [29] , miR-19b expression is reduced in pulmonary fibrosis, which is involved in fibrosis through negative regulation of DNA methyltransferase-1 [30] . In hypertensive heart disease, down-regulated miR-19b regulates ventricular fibrosis through negative regulation of adrenoreceptor alpha1a [31] . Jvier et al. [9] found that miR-19b expression was down-regulated in both myocardium and serum in 28 patients with aortic stenosis, and there was a significant correlation between them. Hence, circulating miR-19b may be a biomarker of myocardial collagen cross-linking in aortic stenosis. In our study, miR-19b expression was also down-regulated in the myocardium and plasma of HOCM, suggesting that miR-19b was involved in the myocardial remodelling of the two diseases. However, the difference is that there is no correlation between the two, which may be related to the different types of disease. In addition, Lu et al. reported that circulating miR-19b expression was up-regulated in patients with diffuse myocardial fibrosis in HOCM [12] . This is inconsistent with our findings, which may be related to the specificity of patients and diseases, and all of our patients have focal fibrosis.
We found for the first time that circulating miR-221 was significantly increased in HOCM patients and was significantly correlated with myocardial expression. Furthermore, the increased miR-221 expression was correlated not only with the parameters of myocardial fibrosis, but also with the parameters of myocardial hypertrophy and LVEF, suggesting that miR-221 is involved in the regulation of myocardial hypertrophy, fibrosis, and cardiac function. In addition, the AUC of miR-221 is larger than that of miR-19b; therefore, miR-221 has higher diagnostic value. This is consistent with previous studies. MiR-221 has been proved to regulate cell proliferation, differentiation, and migration by regulating several tumour suppressor genes, including PTEN, p27, p57, and PUMA [32, 33] . In a study of pulmonary hypertension, Nie et al. found that up-regulated miR-221 activates β-catenin, leading to pulmonary artery smooth muscle cell proliferation [34] . Other studies have found that increased miR-221 in HOCM regulates cardiac hypertrophy through p27/cyclin-dependent kinase-2/mammalian target of rapamycin axis, thereby exacerbating heart failure [35, 36] . In fibrosis, miR-221 can induce renal fibrosis through Ets-1 [37] . A recent study found that abnormal expression of miR-221 regulates myocardial fibrosis by regulating multiple genes, including c-Jun N-terminal kinase 1, TGF-β receptor 1 and receptor 2, and ETS proto-oncogene 1 and then activating TGF-β signalling [38] . The lower miRNA-221/222 levels of the article is inconsistent with our study and may be related to disease is different. In addition, Su et al. reported that miR-221 inhibits autophagy and promotes heart failure by modulating the p27/cdk2/mtor axis [39] , which is consistent with our results. hs-cTnT and NT-proBNP have become important serological markers for myocardial fibrosis and cardiac function in patients with heart disease. We found that both of them were correlated with LGE, but not with LVMI (Supplementary Figure S3 online). In addition, Tatsuya et al. report that hs-cTnT is a direct marker of on-going myocardial fibrosis and that NT-proBNP is a marker of left ventricular overload partially associated with myocardial fibrosis [40] .
The preent study has some limitations. First, we found that miRNA expression correlated between myocardium and plasma, but we cannot exclude the effect of other organ or tissue sources on plasma miRNA expression. Further investigation on this topic is needed. Second, due to the unstable expression of U6 and 5s in plasma, we selected cel-miR-39 as the standard control after consulting the relevant literature. We diluted it to 100 pm in strict accordance with the instructions and drew the standard curve. Then, we compared the C t value of the target gene with the standard curve for quantitative analysis. It can only be used for relative rather than absolute quantitative analysis. Third, different types of standardised compounds are used in the myocardium (U6) and plasma (cel-miR-39), which may have an effect on the results. However, this method has been commonly used [9] . Fourth, we only screened the expression of 11 miRNAs due to funding and did not analyse their expression profile. Finally, the present study focused on the changes of preoperative expression in patients without further follow-up and no postoperative expression.
We found five abnormal expressions of miRNAs by myocardial expression screening, namely, miR-221, miR-222, miR-433, miR-155, and miR-19b. MiR-19b and miR-221 are associated with fibrosis. Only circulating miR-221 was significantly correlated with myocardial expression, myocardial fibrosis, hypertrophy, and LVEF. ROC curve analysis showed that the circulating miR-221 expression had moderate diagnostic value. Therefore, circulating miR-221 may be a potential biomarker for myocardial hypertrophy and fibrosis in HOCM. The present study is the first to reveal this. For future studies, longer follow-up of patients, monitoring of the changes in miR-221, and providing clinical guidance for the treatment and prognosis of the disease are warranted.
